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FOREWORD 


This  report  was  prepared  by  the  Convair  Aerospace  Division  of  General  Dynamics, 
San  Diego.  California,  under  l' SAT  Contract  F33(>1 D-7LJ -C -LiOstJ .  The  contract  titled 
"Weapon  System  Costing  Methodology  for  Aircraft  Airframes  and  Basic  Structures," 
was  initiated  under  project  1 3 G 8 .  'Advanced  Structu res  for  Military  Aerospace 
Vehicles,"  Task  13G802,  "Structural  Integration  for  Military  Aerospace  Vehicles." 
The  work  was  administered  under  the  direction  of  the  Air  Force  Flight  Dynamics 
Laboratory,  Structures  Division,  Wright- Patterson  Air  Force  Base,  Ohio,  under  the 
direction  of  Mr.  H.  N.  Mueller  (AFFDL/FBS)  as  Project  Engineer. 

This  report  covers  work  conducted  from  July  1973  to  September  1973  and  was  sub¬ 
mitted  by  the  author  in  October  1973,  under  General  Dynamics  Report  CASD-AFS-73- 
001  as  an  Interim  Technical  Report.  This  report  includes  three  additional  volumes: 
Volume  I,  Cost  Methods  Research  and  Development;  Volume  II,  Supporting  Design 
Synthesis  Programs;  Volume  IV,  Estimating  Techniques  Handbook. 

The  principal  author  ;uid  project  leader  on  this  program  is  Mr.  R.  F.  Kenyon,  under 
the  administration  of  Mr.  G.  E.  Vail,  Chief  of  Economic  Analysis  and  Mr.  A.  Van 
Duren,  Manager  of  Operations  Research.  Others  who  contributed  to  the  studies  and 
who  contributed  in  the  preparation  of  this  volume  include  Messrs.  J.  L.  Youngs, 
Economic  Analysis;  B.  II.  Oman  mid  W.  D.  Honeycutt,  Mass  Properties;  and  Gary 
Clark,  Design  Programming. 
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ABSTRACT 


'lliis  report  presents  the  interim  results  of  a  study  aimed  at  extending  cost  estimating 
techniques  developed  and  demonstrated  under  a  previous  contract.  The  previous 
study  provided  a  trade  study  and  a  system  study  costing  method  for  empennage 
elements.  During  the  initial  phase  of  the  current  study,  these  capabilities  have  been 
extended  to  include  all  aerodynamic  surfaces:  horizontal  stabilizer,  vertical 
stabilizer,  canards  treated  as  a  stabilizer,  mid  wings,  including  secondary  structure. 


This  volume  provides  a  handbook  as  a  guide  to  the  trade  study  cost  estimating 
technique.  The  function  of  the  computer  program  is  described.  The  program  out¬ 
put  format  and  the  input  data  requirement  and  its  organization  are  discussed  and 
reference  is  provided  to  the  cost  estimating  logic  involved. 
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SUCTION  I 


INTRODUCTION 


This  volume  provides  the  instructions  necessary  lor  making  a  cost  estimate  using  the 
existing  aerodynamic  surfaces  trade  study  cost  estimating  module.  It  gives  a  des¬ 
cription  of  the  method  in  terms  of  inputs,  outputs,  and  estimating  logic,  shows  the 
organization  of  inputs,  describes  and  references  input  sources,  and  describes  the 
computer  program  that  is  used.  An  example  of  a  supplemental  estimating  procedure 
is  also  given.  The  flow  diagram  of  the  procedure  shown  in  Volume  I  is  repeated  to 
provide  an  overall  illustration  of  the  method.  The  number  of  inputs  required  initially 
to  set  up  a  run  is  quite  extensive.  Generally,  however,  only  a  few  input  variations  arc 
required  for  subsequent  trade  study  alternatives. 

The  emphasis  in  this  discussion  is  on  the  user's  point  of  view.  The  discussion  re¬ 
lates  to  the  mechanics  of  the  procedure  inasmuch  as  the  estimating  logic  was  dis¬ 
cussed  in  Volume  I. 
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SECTION  2 


TRADE  STUDY  COST  ESTIMATING  PROCEDURE 


2.1  FLOW  DIAGRAMS 


The  trade  study  eost  estimating  method  for  aerodynamic  surfaces  is  described  in 
general  terms  in  Figure  1.  The  final  report  will,  of  course,  contain  a  description  of 
the  complete  method.  To  illustrate  the  discussion.  Figure  1  has  been  simplified  as 
shown  in  Figure  2.  Output  is  discussed  first. 


2.2  COST  OUTPUT  SUMMARY 


The  costs  produced  by  this  method  arc  shown  in  Figure  .'3,  which  consists  of  four 
computer  printout  pages.  Although  not  numbered,  these  will  be  referred  to  as  pages 
1  through  4  in  the  order  in  which  they  appear.  Page  1  gives  nonrecurring  design  an  I 
development  costs.  Page  2  gives  detailed  first  unit  cost,  while  Page  :>  summarizes 
first  unit  cost  by  the  six  summary  costs  shown  for  each  major  component.  Page  4 
shows  recurring  costs  by  major  component,  which  are  obtained  by  projections  of  the 
summarized  first  unit  costs. 


2.3  ESTIMATING  LOGIC  AND  CER  CROSS  REFERENCE 


The  cost  estimating  relationships  that  produce  each  of  these  estimates  arc  given  in 
Appendix  L3,  Volume  I.  Summary  charts  on  pages  13-4  and  13-1  provide  a  correlation 
between  the  computer  printout  and  the  respective  CKRs  for  nonrecurring  costs. 


Page  2  of  the  computer  printout  has  been  rewritten  as  Figure  1  to  show  the  CER  ref¬ 
erence,  i.e.,  equation  number,  for  each  of  the  detailed  elements  of  first  unit  cost. 
The  chart  on  page  13-72,  Volume  1,  correlates  the  recurring  costs,  printed  oat  on 
Page  4,  to  the  CKRs  for  RDT&E  and  Procure  meat  recurring  production  in  Appendix 
B  of  that  volume.  Thu  summary  item,  "Major  Mate.  "  on  Page  4  is  not  yet  covered 
pending  completion  if  the  fuselage  CERs. 


The  above  sets  of  CERs  cover  standard  basic  structure  and  thus  mat  leave  out  speei: 
structural  features  such  as  full  depth  honeycomb,  fuel  tanks,  sail  Iwich  skins  dueling, 
air  induction  and  landing  gear  provisions  that  require  supplemental  estimating  pro¬ 
cedures.  These  procedures  are  discussed  in  Section  2.7. 


The  treatment  of  composite  materials  also  presents  problems.  In  general,  estimalin. 
for  composite  material  is  handled  in  two  ways  reflecting  the  extent  to  which  the  com¬ 
posite  material  is  used.  The1  first  involves  the  use  of  large  amounts  of  compisitc 


^ iM 


V. 

UJ 

Z 

'J 

z 

< 

o 

£ 

35 

H 

J 

D 

z 

u. 

-J 

Zj 

•-rt 

UJ 

V* 

9 

u 

o 

z 

2 

a. 

5 

yj 

X 

5 

c 

X 

a. 

< 

i 

-j 

Ui 

H 

£ 

C 

z 

> 

Z 

z 

r* 

•y 

>- 

-u 

3 

< 

n 

0 

Y 

Si 

z 

Q 

u. 

v) 

X 

q 

5 

X 

2 

-*■ 

£ 

X 

7i 

*? 

< 

z 

< 

— 

— 

< 

X 

J-.  '£  'J 

<  -  < 
23  _  — 


lo 

35 

UJ 

>- 

—3 

-j 

CQ 

< 

< 

z 

H 

< 

x 

as 

O 

O 

H 

H 

U 

U 

< 

< 

Lt_ 

u. 

>- 

>- 

H 

H 

X 

X 

UJ 

w 

-J 

a. 

a- 

2 

2 

O 

O 

u 

u 

<  <  £ 


3  15 


l  -  c  2 


r ;  2 1  ^ 

2  <  |  !;  J 


i 


igure  1.  Aft  DL  .Frcicii*  Study  Cost  FIs 
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Figure  2.  Basic  Elements  of  the  Trade  Study  Cost  Estimating  Method 
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materials,  in  which  ease,  assuming  that  structural  elements  such  as  ribs,  spars,  and 
covers  are  made  completely  of  the  composite  material,  estimates  are  made  using  the 
basic  method.  In  this  case,  however,  additional  complexity  factors  comprising  ex¬ 
panded  complexity  factor  tables  are  required.  The  second  situation  occurs  when  only 
detailed  parts  are  involved  or  when  composite  material  is  applied  as  a  reinforcement 
to  a  conventional  metallic  part.  In  this  case  supplemental  procedures  are  again 
required,  and  these  are  also  discussed  in  Section  2.7. 

Making  a  cost  estimate  for  a  standard  type  basic  structure  thus  resolves  itself  into 
two  main  problems:  (1)  understanding  and  using  the  computer  program,  anti  (2)  devel¬ 
oping  the  input  data  required  by  the  program.  The  cost  model  computer  program  is 
discussed  in  the  next  section.  Sections  2.5  and  2.G  deal  with  the  development  of 
input  data:  the  organization  of  inputs  and  the  sources  of  these  inputs. 

2.4  COST  MODEL  COMPUTER  PROGRAM 

The  aerodynamic  surfaces  module  of  the  cost  model  computer  program  makes  use  of 
an  existing  general  cost  model  program  (designated  as  COSTC)  taking  advantage  of 
certain  features  of  that  program.  COSTC  (P5514)  is  a  data  manager  program  written 
in  FORTRAN  IV  for  the  CDC  CYBER  72.  Features  include  treating  the  cost  esti¬ 
mating  logic  as  a  program  input,  handling  the  cost  output  as  an  array  (called  the  SAY 
matrix)  in  a  manner  whereby  it  is  both  addressable  and  displayable,  and  providing  a 
more  flexible  costing  capability  in  relation  to  individual  hardware  elements. 

Treating  the  estimating  logic  as  a  program  input  provides  a  simple  means  of  modi¬ 
fying  cost  estimating  relationships.  These  are  accomplished  simply  by  eh;uiging  an 
input  model  card  with  a  corresponding  input  variable  change.  Changes  to  estimating 
coefficients,  which  for  example  might  result  from  additional  analyses  of  historical 
cost  data,  can  also  be  accomplished  in  this  manner.  Use  of  the  KAY  array  printout 
provides  for  a  display  of  intermediate  computational  results  and  permits  the  cost 
analyst  to  utilize  computational  results  that  are  not  typically  available  in  a  cost  out¬ 
put  format.  Elements  in  this  array  may  be  used  as  terms  in  the  cost  estimating  re¬ 
lationships. 

A  possible  disadv;intage  in  the  use  of  the  program  is  that  it  requires  an  understanding 
by  the  cost  analyst  of  the  additional  coding  involved.  Also  some  underst:uiding  of  the 
COSTC  program  and  the  KAY  array  is  required. 

The  deck  set-up  for  the  complete  cost  program  is  shown  in  Figure  5.  As  can  lx.'  seen, 
the  major  elements  of  the  program  are  the  program  deck,  the  variable  input,  i.e., 
NAMELIST  section,  and  the  model  cards  input  section.  Control  cards,  title  card 
;uid  option  card  are  also  a  part  of  the  deck.  Each  of  these  parts  are  described  below. 
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Figure  5.  Computer  Program  Deck  Set-Up. 


The  control  cards  entail  an  optional  compiler  usage.  At  Convair  the  program  is  com¬ 
piled  with  the  "Hills'"  compiler,  but  it  may  be  compiled  by  either  "HUN"  or  "FTN" 
compilers.  The  control  cards  for  the  use  of  a  source  deck  with  the  "HUN"  compiler 
a  re : 

RUN. 

LGO. 

REWIND  (TAPE  5) 

COPYSBF  (TAPE  5,  OUTPUT) 

EXIT. 

The  control  cards  for  source  decks  under  the  "FTN"  compiler  are: 

FTN. 

LGO. 

REWIND  (TAPE  5) 

COPYSBF  (TAPE  5,  OUTPUT) 

EXIT. 

The  control  cards  for  binary  decks  under  either  compiler  are: 

INPUT. 

REWIND  (TAPE  5) 

COPYSBF  (TAPE  5,  OUTPUT) 

EXIT. 

The  control  cards  for  updating  a  routine,  and  exculing  the  updated  package  with  the 
"RUN"  compiler  are: 

RUN  (P) 

COPYBIt  (INPUT,  DISK,  20) 

REWIND  (LGO,  DISK) 

COPYL  (DISK,  LGO,  NPL) 

REWIND  (NPL) 

NPL. 

REWIND  (TAPE  5) 


COPYSBF  (TAPE  5,  OUTPUT) 

EXIT. 

The  program  cle ck  includes  the  fallowing  subroutines: 

Driver:  Program  COSTC 

I’he  driver  initialized  all  variables,  reads  in  the  input  cards,  checks 
program  options,  and  executes  various  subroutines  as  "KEY"  input 
cards  are  recognized. 

Subroutine:  GET  PAH 

This  routine  determines  what  is  contained  in  each  field  of  ten  characters 
of  the  '  Z'  and  'R'  cards  and  returns  this  information. 

Subroutine:  SEARCH 

This  routine  searches  the  variable  name  array  and  returns  the  sub¬ 
script  that  corresponds  to  the  name  requested. 

Subroutine:  EXPR 

This  routine  evaluates  the  expression  between  parenthesis  used  by  the 
'  F'  card. 

Subroutine:  CHECK 

This  routine  checks  to  see  if  the  next  card  is  a  continuation  card. 
Subroutine:  TITLE 

This  routine  is  used  to  print  titles. 

Function:  PWORD 

This  function  selects  nonblank  characters  from  variable  names 
and  left  adjusts  them  in  PWORD. 

Function:  NUMBER 

This  function  gets  an  integer  from  any  vector  between  given  locations. 
Function:  MRGCIID 

This  function  checks  for  several  of  the  "KEY"  dcnoters  for  the 
merge  option. 

Subroutine:  RECORD 

This  subroutine  interrogates  input  cards  for  a  line  location  in  the 
SAV  array. 
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Function:  ICIIKLIN 


This  function  checks  lines  in  the  array  HAY  for  zero  values. 


Hub  rou  tine :  FIN  DIN  T 


This  subroutine  finds  the  single  integer  up  to  99  from  an 
input  field. 


Subroutine:  TMFRGF 


This  subroutine  merges  new  input  cards  with  the  current  cost  model. 


Function:  ROUND 


This  function  rounds  a  real  number  to  two  decimal  places. 


Function:  VALUE 


This  function  finds  the  value  of  a  term,  parameter,  or  a  coefficient. 


Subroutine:  EREVAN 


This  subroutine  is  the  driver  for  the  '  F'  cards  of  the  model  cards. 


Function:  I  PA  UK 


This  function  packs  characters  of  input  fields  for  input  to  subroutine 
GET  PAR. 


Subroutine:  UNPAK 


This  subroutine  puts  data  into  a  predetermined  number  of  separate 
words  for  output. 


Function:  TERM 


This  function  computes  terms  involving  parameters  :uid  coefficients. 
Coefficients  uro  input  as  real  numbers  ;uid  parameters  are  variable 
inputs  or  recalled  sums. 

Subroutine:  READW 

This  subroutine  reads  input  variables  from  the  namelists,  SIZE  and 
CURVE. 

After  any  set  of  control  card:  ;uid  following  the  program  deck,  the  input  cards  follow 
These  are: 

TITLE  CARD 

OPTION  CARD 

NAME LIHT  INPU  T  CARDS 

MODEL  CARDS 


“C  .  .  'I'-'.-'Wr/ref'  f 


A  general  flow  diagram  of  the  input  sequence  is  shown  in  Figure  6.  A  printout  of  a 
complete  set  of  input  cards  is  shown  as  Appendix  A. 


i'he  Title  card  uses  80  columns  of  alphanumeric  data  to  be  printed  as  the  main  title. 
The  Option  card  is  composed  as  follows: 


Column 


1-5  CLEAR 


blank 

0-10  CARDS 
TAPE2 


MERGE 


11-15 

16-20 

21-25 

26-80 


If  this  word  is  punched  in  this  field,  the  variables  are 
set  to  O  before  reading  the  new  variables. 

If  the  field  is  blank,  the  variables  used  in  the  previous 
case  are  not  cleared  before  reading  new  variables. 

If  the  model  is  going  to  be  read  from  cards. 

If  the  model  cards  are  either  on  Tape  2  for  the  first  case 
only  or  the  previous  cost  model  information  is  to  be 
reused. 

If  the  model  cards  are  either  merged  from  card  input 
and  TAPE2  for  the  first  case  only  or  the  previous  model 
data  is  merged  with  revised  cards  thereafter. 

Integer  that  specifies  the  maximum  number  of  variables 
to  be  use  l  by  an  element  of  the  model. 

Name  of  Element  1,  i.e. ,  Wing 

Name  of  Element  2,  i.e.  ,  Horizontal  Stabilizer 

. .  .  etc.  . . . 


Model  cards  are  entered  on  tape,  designated  as  TAPE  2,  by  appropriate  request. 

The  MERGE  option  provides  for  obtaining  input  from  both  TAPE  and  new  input  cards 
and  is  used  for  any  change  in  input  values  or  CERs  for  multicase  runs. 

When  the  MERGE  option  is  being  used,  the  program  will  assume  that  a  baseline 
model  has  been  previously  stored  on  tape  ;uid  that  the  cards  contained  in  the  Cost 
Model  section  of  input  are  to  be  merged  with  the  baseline  model  to  produce  and  pro¬ 
cess  an  updated  model.  The  following  rules  should  be  observed  when  merging: 

a.  Z,  R  mid  F  cards  only  can  be  merged. 

b.  When  replacing  an  element  of  the  KAY  matrix  all  the  terms  that  make  up  that 
element  should  be  replaced. 

c.  Merge  cards  should  be  ordered  monotonically  increasing  by  line  and  column 
number. 


READ 

INPUT 

CARDS 


INITIALIZE 
VARIABLES 
AND  ARRAYS 


CALL  READW, 


CHECK 

MERGE 

OPTION 


[IF  YES  MERGE 
■NEW  INPUTS 
■I  WITH 
EXISTING 
I  MODEL 


CHECK  COLUMN  1  FOR 

STOP  IF  AN 

KEY  AND 

GO  TO 

^  'E'  KEY  IS 

PROCESSING  LOCATION 

ENCOUNTERED 

IN  PROGRAM 

1 _ 1 

CALL  ANY 
ROUTINES 
NEEDED  FOR 
PROCESSING 


STORE 

answer  in 

SAV  MATRIX 
BY  LINE  & 
COLUMN 
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d.  New  columns  may  be  inserted  to  a  defined  line  in  the  baseline  model.  New 
lines  may  not  be  inserted. 

e.  A  combination  of  Z -cards  may  replace  ;tn  R-eard.  The  converse  is  not  valid. 

NAMELIST  cards  record  the  input  variables.  The  NAMELIST  identifier  is  SIZE. 

One  set  of  variables  in  a  SIZE  block  corresponds  to  an  element  of  the  model.  As 
many  SIZE  blocks  are  read  as  are  specified  by  the  number  of  elements  punched  in 
the  option  card,  and  the  inclusion  or  exclusion  of  an  element  is  controlled  by  the 
option  card.  Sets  of  variables  must  then  be  furnished  to  correspond. 

1'he  first  case  should  contain  all  the  variables  that  are  used  by  the  model.  For  sub¬ 
sequent  cases,  only  the  variables  that  are  to  be  changed  are  input.  Variables  are 
stored  in  a  single  dimensional  array  called  PL.  They  are  stored  by  elements  and 
are  printed  out  by  element  for  each  case  run. 

The  costing  program  is  built  into  a  series  of  model  cards  where  column  1  of  each 
card  is  used  as  a  "key"  to  determine  the  specific  function  of  that  card.  '1'he  various 
types  of  cards  are  discussed  below,  following  a  discussion  of  the  SAV  matrix.  The 
nature  of  this  matrix  and  its  relationship  to  the  model  cards  help  explain  the  function 
of  the  model  cards. 

The  COSTC  program  provides  a  printed-out  array  of  the  results  of  the  calculations 
directed  by  the  model  cards.  This  printout  is  cal  led  the  SA\  matrix.  It  is  organized 
in  lines  and  columns,  which  are  numbered  and  addressable  by  the  model  cards.  A 
value  ’stored"  in  any  element  of  this  matrix  may  be  used  as  a  term,  ;md  manipulated, 
by  certain  model  cards.  The  SAV  matrix  is  dimensioned  by  the  driver  program, 
COSTC.  A  general  layout  of  the  SAV  matrix  is  shown  in  Figure  7.  The  number  of 
rows  in  the  matrix  corresponds  to  the  number  of  lines  containing  cost  values  that  are 
to  be  printed  out.  It  is  limited  only  by  the  dimension  statement  and,  in  turn,  core 
capacity.  The  current  program  is  dimensioned  for  500  lines  and  13  columns.  1'he 
number  of  columns  in  the  matrix  corresponds  to  the  number  of  columns  that  may  be 
printed  out.  The  program  presets  the  SAV  matrix  to  zeroes  before  the  execution  of 
a  run.  Terms  are  computed  and  added  to  a  specific  location  in  the  matrix  addressed 
by  line  and  column  number  by  the  operative  model  cards.  As  an  example  of  the 
operation  of  the  matrix  and  the  correspondence  to  the  model  cards,  reference  is 
made  to  Appendix  A,  a  listing  of  the  input  deck,  and  Appendix  13,  a  sample  SAV 
matrix. 

In  Appendix  A,  on  the  first  page,  an  entry  appears  as  follows: 

F  5  7  W1  VTL*  CF1  VTL  *  W2  VT1  *  CF2  VTL  •  \V3  VTL*  CF3  VTL 

This  is  an  "F"  card  as  noted  by  the  F  in  the  first  column.  The  SAV  matrix  line  is  5 
and  the  column  is  7.  In  Appendix  B,  the  SAV  Matrix,  on  the  first  line,  line  5,  and 


1G 


COLU  MNS 

1  2  3  4  5  6  7  8  9  10  11  12  13 

1 

LINES: 

1 

N 

THRU 

500 

NOTES: 

(1)  The  address  for  N  is  (1,3) 

(2)  Column  13  is  used  only  for  summation  of  the 
values  entered  on  a  given  line. 

Figure  7.  SAV  Matrix. 


counting  in  7  columns  will  be  found  recorded  the  results  of  this  calculation  (the  sum  of 
rib  type  weights  and  complexity  factor  products). 

As  another  example  of  the  relationship,  Appendix  A,  on  the  second  page,  shows 
F  16  1  (  (5,3)  +  (6,3)  +  (7,3)  )  *  .  10  +  (15,8)  *  2.0. 

This  translates  as  follows: 

Enter  on  line  16,  column  1,  of  the  SAV  matrix  the  sum  of  line  5,  column  3,  line  6, 
column  3,  and  line  7,  column  3,  multiplied  by  .  10  and  the  value  entered  in  line  15, 
column  8,  multiplied  by  two.  This  program  thus  provides  visibility  of  computations 
and  provides  a  high  degree  of  programming  flexibility. 

The  functions  of  the  model  cards  are  described  below,  including  the  rules  applicable  to 
the  use  of  each  type  of  card.  The  cards  are  discussed  in  the  order  in  which  they 
appear  in  the  printout  in  Appendix  A,  except  that  all  of  the  input  oriented  cards  are 
grouped  together  and  discussed  first.  The  complete  list  of  card  types  in  the  order 
in  which  they  appear  in  the  model  deck,  is  B-card;  1-card;  2-card;  3-card;  F-card: 
blank-card;  C-card;  N-card;  T-card:  D-card;  R-card;  P-card:  Z-card;  L-card;  and 
E-card.  The  input  oriented  cards  are:  F-card;  R-card;  Z-card.  Of  this  group,  the 
Z-card  will  be  discussed  first  because  it  is  the  basic  card  form  with  the  F-  and  R- 
card  being  special  cases. 
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Z-Card 


The  Z-card  is  a  general  computational  form  that  makes  use  of  a  specified  equation 
form  described  with  respect  to  the  terms  used  in  the  equation  and  designated  by  a 
"term"  code.  The  results  of  the  computation  are  added  in  a  specified  line  ;ind 
column  of  the  SAY  matrix.  The  composition  of  the  card  is  as  follows: 

Column 

1  Z  to  designate  Z-card 

2-4  Line  number  of  the  SAX'  matrix 

5-7  Column  number  of  the  SAV  matrix 

8-10  Designation  of  term  code  being  used 

The  rest  of  the  card,  columns  11  thru  80  is  divided  into  seven  subfields  of  10  columns 
each.  These  subfields  contain  the  parameters  ;uid  coefficients  used  in  the  selected 
term  (i.e. ,  equational  form).  Parameters  ;uid  coefficients  may  be  punched  in  any 
subfield  as  long  as  they  are  read  in  increasing  order:  C  should  precede  Ci;,  and  Ci; 
should  precede  C  ,  etc.  Coefficients  should  contain  a  decimal  point.  If  anT-i 
format  is  used,  it  should  be  right  adjusted  in  the  field.  Parameters  c:m  be  made  of 
input  variables,  calculations  recalled  from  the  SAX'  matrix  or  the  sum  of  subsequent 
lines  in  one  column.  This  composition  may  be  clarified  by  reference  to  an  example 
from  Appendix  A.  The  first  use  of  a  Z-card  appears  on  Page  11,  and  is  illustrated 
in  Figure  8.  The  letter  Z  designates  the  Z-card.  The  results  of  the  calculation  are 
to  be' entered  on  line  142.  column  2,  of  the  FAX’  matrix.  The  term  code  is  24,  and  its 
meaning  is  explained  below.  The  integers  101  followed  by  5  with  intervening  blanks 
serves  to  recall  the  calculation  results  stored  in  line  101,  column  5  of  the  SAX’ 
matrix.  The  value  18.  which  is  labeled  N1  is  a  parameter  for  the  quantity  of  RDT&E 
aircraft  being  considered  and  .74  is  the  applicable  learning  curve  slope  in  decimal 
form. 

Terms  and  their  codes  that  are  handled  by  COSTC  are  as  follows.  C.  denotes 
coefficients  and  P.  denotes  parameters.  Coefficients  are  input  as  real  numbers. 
Parameters  can  be  variables  or  refilled  elements  of  the  matrix  or  a  sum  of  sub¬ 
sequent  lines  on  a  column  of  the  matrix. 

CODE  TERM 

1  O 


4  Cj  1^ 


18 


13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


25 


26 


27 


C'i  c2  c3  c4 

C’i  C2  C3  C4 


C]  C2  C3  Pl  C‘l 
Cj  C2  (C3  Px)  C4 

C1  C2  <VC3)  °4 

C1  P1  P2 

C1  P1  P2  P4/P3 
C0  Pt/Pn 


"2  r 


c.. 


C1  C2  Pl  P2  "3 


C1  C2  P1  "3  P2  "4 


C  <>  n  C4 
Cl  C2  (P1/P2)  C3 
P2 


If  P2  «  20  Pl 

If  P2  20  Pl 

,  lnCl 

where  x  -  - 

ln2 


i-l 


P2 


x+1 


-  1 


P2X  +  1 


x-i  1 


x-i-1 


P1(P2) 


where  x  - 


lnCl 

ln2 


I  J 

SAV(LIMi,COL)  -  SAV(LINK,  COL)  TTc.  TT  P- 

i=i  1  ]=i  1 

where  I  -  number  of  coefficients. 

J  :  number  of  parameters. 

Cl  C2(P1/P2)C3P3C4 
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. . .  . 


2S 


IV  n, 

(xr-Vv'  *> 

Pi  P2  2_J  11 

H.'l 


2!) 


Satin'  as  Term  24  for  1*2  20  except  that 

i\,  can  be  any  value. 


Term  code  24  signifies  mi  equation  of  the  following  form, 


TERM  -  PI  l 

i  -  1 


whe  re 


TERM 


results  of  the  calculation  that  is  entered  on  line  142, 
column  2,  of  the  SAV  matrix 


PI  (101,5) 


first  unit  cost  recalled  from  line  101,  column  5  of  the 
SAV  matrix 


P2  --  N1 


the  production  quantity  considered 


x  PCI 


the  learning  curve  percentage  in  decimal  form 


(The  entries  IS  1  mid  PCI  as  shown  in  Appendix  A  are  not  part  of  the  7,-card.  They 
are  obtained  by  means  of  a  "blank-card.  ") 


When  punching  parameters  in  the  subfields,  the  following  rules  must  be  observed. 


If  the  parameter  is  a  variable  input  the  input  name  should  be  punched  in  the 
first  6  columns  of  the  subfield.  The  last  4  columns  are  used  for  the  element 
name.  For  example: 


CF  1  WNG  refers  to  a  value  of  a  particular  complexity  factor  when  the 
element  being  estimated  is  the  wing. 


Recalled  calculations  are  designated  by  punching  in  the  subfield  a  pair  of 
integers  separated  by  blanks.  They  may  be  punched  in  miy  columns  of  the  sub¬ 
field.  The  first  integer  is  the  line  number  and  the  second  integer  is  the  column 
number  of  the  recalled  calculation. 
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e . 


Sum  of  subsequent  lines  are  specified  by  punching  three  integers  separated  by 
bhrnks  in  the  subfield.  The  first  integer  is  the  number  of  subsequent  lines  to  be 
summed.  The  second  integer  is  the  starting  line  number.  The  third  integer  is 
the  column  number.  This  parameter  is  used  for  totalling. 

d.  If  the  recalled  calculation  belongs  to  the  present  line  being  computed,  only  the 
column  number  need  be  punched  in  the  subfield.  The  program  will  use  the  line 
number  specified  in  column  2—1  of  this  card.  The  column  number  may  be 
punched  anywhere  in  the  subfield. 

e.  Parameters  c;in  be  made  of  the  sum  of  several  parameters  when  they  are  speci¬ 
fied  in  the  subfields.  This  does  not  apply  to  terms  12,  18,  19,  20,  21  and  22, 
where  each  P.  is  made  up  of  only  one  panuneter. 

f.  A  recalled  calculation  is  subtracted  if  the  line  number  of  the  recalled  matrix 
element  is  punched  as  a  negative  integer. 

The  program  stops  processing  a  Z-eard  when  a  bhink  subfield  is  encountered.  A 
Z-card  may  have  one  continuation  card  when  7  subfields  are  not  enough  to  describe 
the  term.  For  the  continuation  card,  punch  a  "Z"  in  column  1,  a  "C"  in  column  2, 
and  use  the  7  subfields  starting  in  column  11. 

F-Card 


The  F-card  is  a  generalization  of  the  Z-card  which  permits  writing  the  estimating 
formula  in  a  Fortran-compatible  format  rather  than  specifying  a  term  code.  The 
card  format  is: 

Column 


1  F  to  designate  F-card. 

2-4  Line  number  of  the  SAV  matrix 

5-7  Column  number  of  the  SAV  matrix 

11-80  Formula. 

F-card  continuation  is  permissible  for  one  additional  card.  The  continuation  card 
format  is: 

Column 


1  F 

2  C  to  designate  a  continuation  card. 

11-80  Remainder  of  formula. 

22 


m 


Most  of  the  cost  model  logic  is  contained  on  F-cards.  R -cards  are  used  as  a  con¬ 
venience  in  some  cases  ;md  Z -cards  are  used  for  formula  complications  involving 
equational  forms  that  cannot  be  handled  by  the  F-card  as  related  to  the  COS'l'C  driver 
program . 


R-Card 


This  card  is  again  a  special  case  of  the  Z-card.  The  analyst  should  be  familiar  with 
the  Z-card  before  using  this  card.  In  the  application  for  this  model,  it  is  used  to 
transfer  data  within  the  SAV  matrix.  The  discussion  can  be  illustrated  by  the  R-card 
entry  at  the  top  of  page  .‘15.  This  example,  shown  in  Figure  9,  is  interpreted  as 
follows: 


Figure  9.  Illustration  of  the  R-Card. 


Column 


1 

2-4 

5-7 

8-10 


11-13 

21-80 


R  designated  R-card. 

Line  number  for  SAV  matrix  recording 
Beginning  column  number  for  recording. 
Ending  Column  number  for  recording 
Term  code  selected 

Divided  into  six  subfields  of  10  columns  each. 


Thus  three  lines  starting  with  line  21,  (i.e.  ,  lines  21,  22,  and  22)  and  starting  with 
column  1  and  progressing  by  column  are  to  be  transferred  to  line  25,  starting  with 
column  1  and  continuing  thru  a  total  of  nine  columns.  That  is  the  SAY  matrix  entries 
in  column  1,  lines  21,  22,  and  22  are  summed  ;md  added  to  column  1,  line  25. 

Entries  in  column  2,  lines  21,  22.  ;md  23  are  summed  and  added  to  column  2,  line  25 
and  so  forth  for  nine  columns.  The  term  code  selected.  Code  2,  indicates  that  no 
other  operations  are  involved.  It  can  be  seen  that  this  application  is  simply  a  sum¬ 
ming  and  recording  operation. 

In  general  the  R-card  is  used  when  the  coefficients  and  term  code  remain  constant 
from  column  to  column  throughout  a  time.  An  entire  line  cam  be  calculated  with  the 
R-card  when  the  parameter  is  the  only  factor  that  varies,  either  as  a  function  of  the 
column  or  the  element.  As  in  the  Z-card  a  continuation  card  may  be  used  when  six 
subfields  are  not  enough  to  describe  the  terms. 

B-Card 

The  B-card  defines  the  format  used  in  converting  values  from  the  SAY  array  to  the 
print  line  If  no  B-card  has  been  read,  a  default  format  of  (12(2X,  E7. 1))  will  be 
used.  A  format  will  remain  in  effect  untii  another  B-card  is  read  with  a  new  format. 
The  format  may  appear  .anywhere  in  cols.  11-80  of  the  B-card,  and  should  follow 
standard  FORTRAN  IV  form.  (The  word  FORMAT  is  not  used.)  The  format  may 
include  scaling  factors  such  as  -6P  to  convert  values  stored  in  dollars  to  print  values 
in  $millions.  The  format  must  be  defined  in  groups  of  10  characters,  with  the  first 
3  characters  of  each  group  skipped.  This  is  because  the  output  fields  are  in  groups 
of  ten  and  otherwise  would  not  line  up  properly  under  output  headings.  There  must  be 
at  least  as  many  groups  as  there  are  columns  to  be  printed.  Some  examples  are: 


(3X,  -6PF7.  1) 

(12 (3X,  F7.0)) 

(3X,  -6PF7.  3, 11  (3X,  F7.0)) 


gives  1  column  in  $million  up  to  99999.  9 

gives  up  to  12  columns  in  units  up  to  9999999 

Gives  one  column  in  $million  up  to  999.  999  and 
up  to  11  columns  in  $million  up  to  99999.  9 


1-Card 


Contains  the  first  line  of  column  titles.  Read  in  fields  of  5  columns  starting  in 
column  11. 

2-Card 

Contains  the  second  line  of  column  titles.  Read  with  the  same  format  as  above 


i. 


3 -Card 


E-Card 


End  ot'  case.  Will  send  program  to  read  another  title  card. 

2.  5  ORGANIZA  TION  OE  INPUTS 

In  the  procedure  presently  used,  inputs  to  the  model  cards  deck  are  transmitted 
from  the  cost  analyst  to  the  computer  programmer  in  a  format  that  coincides  with 
the  CER  symbology  as  shown  in  Appendix  B,  Volume  1.  The  format  for  this 
transmittal  is  illustrated  in  Appendix  C,  Volume  1.  The  computer  programmer 
adapts  these  inputs  to  the  computer  symbology  using  the  dictionary  for  conversion 
to  computer  program  symbology  included  in  Appendix  B.  In  the  final  program  this 
conversion  list  will  be  eliminated  by  modifying  the  CER  symbology  to  use  computer 
program  symbology 

The  above  inputs  are  categorized  from  two  standpoints  as  shown  in  Figure  10: 

a.  The  section  of  th;-  model  cards  deck  affected. 

b.  The  source  of  the  input. 

As  shown  in  Figure  10,  NAMELIST  variables  are  obtained  from  four  sources:  the 
APAS  program,  the  secondary  structure  synthesis,  the  complexity  factor  tables, 
and  "Other"  sources.  Both  weight  data  and  dimensional  data  are  involved.  Non¬ 
namelist  variables  appear  within  individual  F-cards  as  labeled  in  Appendix  A.  Name- 
list  variables  are  subject  to  change  with  each  study  case,  whereas  the  F-card  vari¬ 
ables  do  not  usually  change  from  case  to  case  and  frequently  change  only  as  the 
result  of  additional  cost  research.  Input  sources  are  described  in  the  next  section. 
Revisions  can  be  made  in  these  categories,  if  need  dictates,  simply  by  changing 
the  F-card  to  indicate  the  variable  name  rather  than  a  constant  and  by  including 
the  variable  in  NAMELIST.  It  can  be  seen  from  this  comment  that  the  distinction 
is  merely  one  of  convenience  describing  the  type  of  input  card  manipulation  required 
for  a  new  input. 

Model  Cards  Location - 


Input  Source 


APAS  Program 

X 

- 

Secondary  Structure  Synthesis 

X 

- 

(including  penalty  wt.  method) 

Complexity  Factor  Tables 

X 

- 

CER  Coefficient  Derivation 

- 

X 

Charts 

Other 

X 

X 

Figure  10.  Inpht  Variables  Categorization. 
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2.6  INPUT  SOURCES 


The  NAMELIST  variables  are  listed  in  Appendix  C  with  the  source  indicated. 
Appendix  D  similarly  lists  F-card  variables  with  their  source. 


Runs  of  the  APAS  program  and  the  secondary  structure  synthesis  program  are  re¬ 
quired  to  support  a  given  cost  model  run.  These  supporting  programs  are  described 
in  Colume  II.  A  tape  transfer  of  data  from  these  programs  will  be  provided  after 
the  fuselage  mldule  is  completed. 


The  presently  available  complexity  factor  tables  are  presented  in  Apprendix  E. 
These  are  referenced  by  the  NAMELIST  variables  in  Appendix  C. 


The  input  source  called  "Other"  is  a  grouping  of  given  values  and  lookup  tables  as 
referenced  below  and  included  in  Appendix  F. 


Organization  of  "Other11  Inputs 


ECLR 


F 


C 


TMF 


Input  Symbol 

Engineering  hours  at  VV  -  1  lb. 
Scaling  of  hours  to  AM  PR  weight 


Factor  for  configuration  design 


engineering 


Engineering  composite  labor 
rate 


Engineering  material  as  of 
engineering  labor  cost 


Scaling  of  tooling  hours  by 
AM  PH  weight 


Tooling  complexity  factor  by 
component 


Assumed  monthly  production 
weight 


Tool  production  rate  sealing 


exponent 


Percentage  factor  of  basic 
tool  hours  manufacturing 


Percentage  factor  of  rate  tool 
manufacturing  hours 


How  Obtained 


Table  VII  -  Appendix  F 
From  design  hour  plots 
Average  value  is  .1-1 


An  average  figure  subject  to  manufac¬ 
turer's  experience 


Average  value  is  10' 


Value  is  1 


Table  \  III  -  Appendix  F 
To  be  obtained  from  program  plan  data 
Average  value  is  O.ii 
Average  value  is  10', 


Average  value  is  20" 
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l-Ci/ 


Input  Symbol 


How  Obtained 


5 

THC 

TEC 

TDC 


F8 

Fo 

RQC 

Ni 

ES 

TU 

HT 

PC1 

PC 


Percentage  factor  of  mfg. 
devel.  and  plant  eng rg.  hours 

Tool  manufacturing  labor  cost 
per  hour 

Tool  engineering  labor  cost 
per  hour 

Composite  labor  cost  for  mfg. 
devel.  and  plant  engrg. 

Tooling  material  support 
factor  ($/hr) 


Development  support  factor, 

ot  ec 

Percentage  of  engineering 
direct  labor  hours 

Percentage  of  tool  manufac¬ 
turing  direct  labor  hours 

Composite  quality  control 
labor  rate 


Average  value  is  2%  based  on  judgement 

An  average  figure  based  on  manufac¬ 
turer  's  experience 

An  average  figure  based  on  manufac¬ 
turer's  experience 

An  average  figure  based  on  manufac¬ 
turer's  experience 

Average  value  is  $1.  00  per  tool  manu¬ 
facturing  hour  based  on  F-106,  F--102, 
B-58  and  F-lll  experience  ($1970) 

From  HAND  studies,  Reference  1 

Average  value  is  lf  (’  based  on  judgment 

Average  value  is  (j%  based  on  judgment 

An  average  figure  based  on  manufac¬ 
turer  1  s  experience 


Number  of  IIDT&E  airframes  To  be  obtained  from  program  plan  data 

Scaling  of  sustaining  engrg. 
with  quantity 

Scaling  of  sustaining  tooling 
with  quantity 

Composite  tooling  labor  rate 


Learning  curve  decimal  frac¬ 
tion  for  detailed  fab.  hours 

Learning  curve  decimal  frac¬ 
tion  for  assembly  hours 

Mfg.  Labor  Rate 
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An  average  figure  subject  to  manu¬ 
facturer  '  s  experience 

An  average  figure  subject  to  manu¬ 
facturer's  experience 

An  average  figure  subject  to  manu¬ 
facturer's  <  xperience 

An  average  figure  subject  to  manu¬ 
facturer  '  s  experience 

An  avu  rage  figure  subject  to  manu¬ 
facturer's  experience 

An  average  figure  subject  to  manu¬ 
facturer's  experience 

An  average  figure  subject  to  manu¬ 
facturer's  experience 


W 


Ratio  between  quality  control 
and  manufacturing  hours 
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Input  Symbol 


How  Obtained 


Number  of  RDT&E  and  pro¬ 
curement  production  quantities 


To  be  o!)tained  from  program  plan  data 


Ralio  between  quality  eonlrol 
and  manulaet tiring  boars  lor 
proeurement  produelion 


An  average  figure  subject  to  manu- 
laetu  r  e  r 1  s  e x;  >  e  r i  en  a  e 


IISA1 


Assembly  hours  per  unit 


Value  is  .  1 


weight 


HSA2 


Average  assembly  hours  per 
subassembly 


Value  is  2 


Quantity  sealing  factor 


Value  is  .1)5 


Sizing  scaling  exponent 


Value  is  .  !)5 


Center  section  operator 


Value  is  1  if  no  center  section,  2  if 
there  is  a  center  section 


Size  scaling  parameter 


Value  is  .1)5 


Rework  Factor 


-Judgment  factor 


Supporting  tables  and  charts  will  be  provided  as  they  are  completed  and  will  be  in¬ 
corporated  in  the  Final  Report. 


The  principal  source  of  F-card  variables  is  the  continuing  analysis  of  historical 
cost  data  embodied  in  the  series  of  scatter  diagrams  used  originally  to  derive  hours 
per  pound  and  scaling  exponents;  i.e. ,  the  so-called  CKR  coefficients.  The  deriva¬ 
tion  of  these  is  described  in  Volume  I,  page  51).  Currently  available  data  is  pro¬ 
vided  in  Volume  III. 


2.7  SUPPLEMENTAL  ESTIMATING  PROCEDURES 


Two  examples  of  supplemental  estimating  procedures  have  been  developed  to  date  in 
this  study,  one  for  full  depth  honeycomb  construction  and  the  second  for  the  ADP 
advanced  fighter  wing  box.  The  first  is  discussed  on  page  70  and  the  second  on  page 
of  Volume  1. 


The  method  is  to  use  a  set  of  supplementary  equations  in  addition  to  the  basic  set  of 
equations  for  metal  structures  already  described.  This  approach  is  based  on  the 
idea  that  the  cost  of  the  hardware  described  by  inputs  to  the  basic  equations  is  pre¬ 
dicted  properly,  but  when  a  substantially  unique  item  is  involved  in  part  or  in  all  of 
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the  structure,  the  additional  costs  must  be  predicted,  and  the  use  of  supplementary 
equations  is  required.  The  basic  equations  predict  an  incomplete  structural  cost 
that  must  be  augmented  by  the  unique-item -peculiar  costs  predicted  by  the  supple¬ 
mentary  equations.  The  set  ol  equations  used  covers  the  following  items: 

a.  Added  Structural  Box  Cost: 

Detailed  fabrication  hours. 

Material  cost. 

Assembly  costs. 

b.  Added  Cos l  u>  Filler  Structure: 

Labor  hours. 

Material. 

Multiple  equations  are  used  in  some  cases.  In  each  case  costs  are  additive  to  those 
obtained  from  the  basic  equation  set. 

Typical  items  of  structure  that  would  be  investigated  in  this  way  are: 


a.  Fuel  tanks. 

b.  Sandwich  skins. 


c .  Ducting. 

d.  Air  induction. 

e.  Landing  gear  provisioning. 

f .  F u  11  d epth  ho neyc omb. 

g.  Adhesive  bonding. 

In  the  case  of  fuel  tanks,  an  equation  is  needed  to  estimate  the  cost  of  those  portions 
of  the  fuel  tank  that  double  as  basic  structure  but  that  would  not  be  required  if  fuel 
tanks  were  not  located  within  the  wing.  Sandwich  skins,  upon  determination  of 
suitable  factors,  can  be  handled  in  a  manner  analogous  to  honeycomb  core.  Ducting 
would  be  separately  costed  bat  as  a  part  of  the  subsystem  with  which  it  is  associate:!: 
propulsion,  flight  control,  environmental  control,  etc.  Wing-mounted  air  induction 
interacts  with  the  basic  structure  and  must  be  analyzed  in  terms  of  *he  additional 
structural  complexity  that  it  introduces.  A  wing-mounted  landing  gear  is  treated  as 
a  penalty  reflected  as  added  cost  to  the  basic  structure.  Kstimaling  equations  and 
the  supporting  estimating  factors  must  be  developed  to  support  the  above  techniques. 
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APPENDIX  A 


INPUT  DATA  DECK  LISTING 


NAMELISTS  AND  MODEL  CARDS 
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APPENDIX  C 


CONVERSIONS  TO  COMPUTER  PROGRAM  SYMBOLOGY 
NAMELIST  VARIABLES 


i. 


FIRST  UNIT  COST 


ll' se  on  WING.  1 1ST  A li .  VSTABi 


BOX  DETAIL  FABRICATION 


W1 

Weight  of  ribs 

VV2 

Weight  of  ribs 

W3 

Weight  of  ribs 

WT 

Total  weight  of  W1 

,  W2,  W3 

W4 

Weight  of  spars 

VV5 

Weight  of  spars 

W6 

Weight  of  spars 

WT1 

Total  weight  of  W-l 

,  Wo,  WG 

W7 

Weight  of  covers 

W8 

Weight  of  covers 

VV9 

Weight  of  covers 

WT2 

Total  weight  of  WT 

,  WS,  W9 

CF1 

Complexity  factor 

—  ribs 

CF2 

Complexity  factor 

—  ribs 

CF3 

Complexity  factor 

—  ribs 

CF4 

Complexity  factor 

—  spars 

CF5 

Complexity  factor 

—  spars 

CFG 

Complexity  factor 

—  spars 

CF7 

Complexity  factor 

—  covers 

CF8 

Complexity  factor 

—  covers 

CF9 

Complexity  factor 

—  covers 

Subassembly 

CM1 

Complexity  factor 

—  ribs 

CM2 

Complexity  factor 

—  ribs 

CM3 

Complexity  factor 

—  ribs 

CM4 

Complexity  factor 

—  spars 

CM5 

Complexity  factor 

—  spars 

CMC 

Complexity  factor 

—  spars 

CM7 

Complexity  factor 

—  covers 

CM8 

Complexity  factor 

—  covers 

CM9 

Complexity  factor 

—  covers 

Primary  Box  Assembly 


CN 

Number  of  cover  panels 

RN 

Number  of  ribs 

SNE 

Number  of  external  spars 

IN  PI  I 
SOI  R( 


A 


A 


■17 


SNI 

SPE 

RP 

TJ4 

TS4 

FF1 

FF2 


Secondary  Structure 


CB1 

WD1 

CC1 

CB2 

WD2 

CC2 

CB3 

WD3 

CC3 

CB4 

WD4 

CC4 

CBS 

WD5 

CCS 

CB6 

WDG 

CCG 

CB7 

WD7 

CC7 

CB8 

WD8 

CC8 

CB9 

WD9 

CC9 

CB1 0 

WD10 

CC10 

CB11 

WDU 

CC11 

CB1  2 

WI)J  2 

CCl  3 


Number  of  internal  spars 
Average  spar  perimeter  in  feet 
Average  rib  perimeter  in  feet 
Joint  thickness  ratio 
Average  skin  thickness 
Factor  for  fastener  selection 
Factor  for  fastener  selection 


A 


Complexitv  factor 

iis 


O 

() 


Complexity  factor  —  leading  edge 

Weight  —  leading  edge 

Complexity  factor  —  leading  edge 

Complexity  factor  —  trailing  edge 

Weight  —  trailing  edge 

Complexity  factor  —  trailing  edge 

Complexity  factor  —  aileron,  elevator,  rudder 

Weight  —  aileron,  elevator,  rudder 

Complexity  factor  —  aileron,  elevator,  rudder 

Complexity  factor  —  fairings 

Weight  —  fairings 

Complexity  factor  —  fairings 

Complexity  factor  —  tips 

Weight  —  tips 

Complexity  factor  —  tips 

Complexity  factor  —  spoilers 

Weight  —  spoilers 

Complexity  factor  —  spoilers 

Complexity  factor  —  flaps 

Weight  —  flaps 

Complexity  factor  —  flaps 

Complexity  factor  —  attachment  struct. 

Weight  —  attachment  structure 
Complexity  factor  —  attachment  struct. 
Complexity  factor  —  access  doors,  etc. 

Weight  —  access  doors,  etc. 

Complexity  factor  —  access  doors,  etc. 
Complexity  factor  —  air  induction 
Weight  —  air  induction 
Complexity  factor  —  air  induction 
Complexity  factor  —  high  lift  ducting 
Weight  —  high  lift  ducting 
Complexity  factor  —  high  lift  ducting 
Complexity  factor  —  slats 
Weight  —  slats 

slats 


(’ 

p 

c 

c 

s 

c 

c 

s 

c 

c 

s 

c 

c 

s 

(• 

c 

,s 

c 

c 

s 

c 

(' 


IMW!JJWWVP9IH!IPPI|!PP*9PQ^  11,1  H  ."WHIP 
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CD13 

\VD13 

CC13 

CBM 

WDM 

CC14 


CC15 

CB1C 

WD1G 

CC1G 

CB17 

VVD17 

CC17 

Final  Assembly 

WRRP 

CSO 

FSL 

ERL 

RSL 

TJ7 

TS7 

FF3 

CMB 

AS2 

Primary  Box  —  Material  Cost 

RMC1 

SF1 

RMC2 

SF2 

RMC3 

SF3 

RMC4 

SF4 

RMC5 

SF5 

RMC6 

SFG 

RMC7 

SF7 

RMC8 

SF8 


Complexity  factor  —  hinges,  etc. 
Weight  —  hinges,  etc. 

Complexity  factor  —  hinges,  etc. 
Complexity  factor  —  pivots  and  folds 
Weight  —  pivots  and  folds 
Complexity  factor  —  pivots  and  folds 
Complexity  factor  —  center  section 
Weight  —  center  section 
Complexity  factor  —  .enter  section 
Complexity  factor  —  other 
Weight  —  other 
Complexity  factor  —  other 
Complexity  factor  —  balance  weight 
Weight  —  balance  weight 
Complexity  factor  —  balance  weight 


Root  rib  length 

Center  section  operator 

Front  spar  length 

End  rib  length 

Rear  spar  length 

Joint  thickness  ratio 

Average  skin  thickness 

Factor  for  fastener  selection 

Complexity  factor 

Surface  area  —  ft.  “ 


Raw  mater 
Scrappage 
Raw  mater 
Sc  rappage 
Raw  mater 
Scrappage 
Raw  mater 
Scrappage 
Raw  mater 
Scrappage 
Raw  mater 
Scrappage 
Raw  mater 
Scrappage 
Raw  mater 
Scrappage 


ial  cost 
factor  — 
ial  cost 
factor  — 
ial  cost 
factor  — 
ial  cost 
factor  — 
ial  cost 
factor  — 
ial  cost 
factor  — 
ial  cost  - 
factor  — 
ial  cost 
factor  — 


—  ribs 
■  ribs 

—  ribs 

•  ribs 

—  ribs 

•  ribs 

—  spars 
spars 

—  spars 
spars 

—  spars 
spars 

-  covers 
covers 

—  covers 
covers 


C 
S 
C 
V 
s 
c 
c 
s 
( ' 
(’ 
s 
r 

C 

s 

c 


A 

() 

A 

A 

A 

A 

A 

() 

C 

A 


O 


RMC9 

SF9 


Raw  material  cost  —  covers 
Scrappagc  factor  —  covers 


Secondary  Structure  Material  Cost 


RMC10 

SF10 

RMC11 

SF11 

RMC12 

SF12 

RMC13 

SF13 

RMC14 

SF14 

RMC15 

SF15 

RMC1G 

SF1G 

RMC17 

SF17 

RMC18 

SF18 

RMC19 

SF19 

RMC20 

SF20 

RM21 

SF21 

RMC22 

SF22 

RMC23 

SF23 

RMC24 

SF24 

RMC25 

SF25 

RMC2G 

SF26 


Raw  material  cost  —  leading  edge 

Scrappagc  factor  —  leading  edge 

Raw  material  cost  —  trailing  edge 

Scrappagc  factor  —  trailing  edge 

Raw  material  cost  —  aileron,  elevator,  ruddc: 

Scrappagc  factor  —  aileron,  elevator,  rudder 

Raw  material  cost-  fairings 

Scrappagc  factor  —  fairings 

Raw  material  cost  —  tips 

Scrappagc  factor  —  tips 

Raw  material  cost  —  spoilers 

Scrappagc  factor  —  spoilers 

Raw  material  cost  —  flaps 

Scrappagc  factor  —  flaps 

Raw  material  cost  —  attachment  structure 

Scrappagc  factor  —  attachment  structure 

Raw  material  cost  —  access  doors,  etc. 

Scrappagc  factor  —  access  doors,  etc. 

Raw  material  cost  —  air  induel  ion 
Scrappagc  factor  —  air  induction 
Raw  material  cost  —  high  lift  ducting 
Scrappagc  factor  —  high  lift  ducting 
Raw  material  cost  —  slat.; 

Scrappagc  factor  —  slats 

Raw  material  cost  —  hinges,  etc. 

Scrappagc  factor  —  hinges,  etc. 

Raw  material  cost  —  pivots  and  folds 
Scrappagc  factor  —  pivots  and  folds 
Raw  material  cost  —  center  section 
Scrappagc  factor  —  center  section 
Raw  material  cost  —  other 
Scrappagc  factor  —  other 
Raw  material  cost  —  balance  weight 
Scrappagc  factor  —  balance  weight 


Primary  Box  Assembly  Material  Cost 


FM1 

Assembly  Material  Cost 


Complexity  factor  —  fastener  type 


FM2 


Complexity  factor  —  fastener  type 


GO 


mm* 


NONRECURRING  DESIGN  AND  DEVELOPMENT  COSTS 


INPUT 

SOURCE 


Eli 

Engineering  Hours  at 

WAMPR  ♦  1  Pound 

0 

WAMPR 

Weight  of  the  Structure 

Element 

A 

TM  F 

Tooling  complexity  Factor 
by  Component 

0 

TAM  PR 

Weight  in  Pounds  by 

Component 

A 
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APPENDIX  D 


CONVERSION  TO  COMPUTER  PROGRAM  SYMBOLOGY 


ESTIMATING  COEFFICIENTS 


Input  Source  Code 


Coefficient  Derivation 
Othe  r 


D 

O 


(Use  -  WING,  I1STAB,  VSTAB) 

Box  Detail  Fabrication  SOU  HC E 


HFI 

Fabrication  hours 

—  ribs 

El 

Exponent 

—  ribs 

II F2 

Fabrication  hours 

—  spars 

E2 

Exponent 

—  spars 

HF3 

Fabrication  hours 

—  covers 

E3 

Exponent 

—  covers 

Subassembly 

HF4 

E4 

HF5 

E5 

HF6 

E6 

Primary  Box  Assembly 

HSA1 

HSA2 

Q 

HT 

HLL 

R 

HD 

HE 

HFI 

Secondary  Structure 


WC1 

Hours  per  pound 

—  leading  edge 

E7 

Exponent 

—  leading  edge 

WF1 

Hours  per  pound 

—  leading  edge 

FI 

Exponent 

—  leading  edge 

WC2 

Hours  per  pound 

—  trailing  edge 

E8 

Exponent 

—  trailing  edge 

WF2 

Hours  per  pound 

—  trailing  edge 

F2 

Exponent 

—  trailing  edge 

WC3 

Hours  per  pound 

—  aileron,  elevator, 

rudder 

E9 

Exponent 

—  aileron,  elevator, 

rudder 

WF3 

Hours  per  pound 

—  aileron,  elevator, 

rudder 

F3 

Exponent 

—  aileron,  elevator, 

rudder 

WC4 

Hours  per  pound 

—  fairings 

E10 

Exponent 

—  fairings 

Subassembly  hours  —  ribs 
Exponent  —  ribs 

Subassembly  hours  —  spars 
Exponent  —  spars 

Subassembly  hours  —  covers 
Exponent  —  covers 


Assembly  hours  per  unit  weight 
Assembly  hours  per  subassembly 
Quantity  scaling  factor 
Hours  per  lineal  foot 
Assembly  hours  per  unit  length 
Size  scaling  exponent 
Drilling  hours  per  foot 
Finish  hours,  per  unit  length 
Installation  hours  per  foot 


O 


53 


WF4 

Hours  per  pound 

—  fairings 

F4 

Exponent 

—  fairings 

WC5 

Hours  per  pound 

—  tips 

Ell 

Exponent 

—  tips 

WF5 

Hours  per  pound 

—  tips 

F5 

Exponent 

—  tips 

WC6 

Hours  per  pound 

—  spoiler 

E12 

Exponent 

—  spoiler 

WF6 

Hours  per  pound 

—  spoiler 

F6 

Exponent 

—  spoiler 

WC7 

Hours  per  pound 

—  flaps 

E13 

Exponent 

—  flaps 

WF7 

Hours  per  pound 

—  flaps 

F7 

Exponent 

—  flaps 

WC8 

Hours  per  pound 

—  attachment  structure 

E19 

Exponent 

—  attachment  structure 

WF8 

Hours  per  pound 

—  attachment  structure 

F8 

Exponent 

—  attachment  structure 

WC9 

Hours  per  pound 

—  access  doors,  etc. 

E20 

Exponent 

—  access  doors,  etc. 

WF9 

Hours  per  pound 

—  access  doors,  etc. 

F9 

Exponent 

—  access  doors,  etc. 

WC10 

Hours  per  pound 

—  air  induction 

E21 

Exponent 

—  air  induction 

WFIO 

Hours  per  pound 

—  air  induction 

FIO 

Exponent 

—  air  induction 

WC11 

Hours  per  pound 

—  high  lilt  ducting 

E22 

Exponent 

—  high  lift  ducting 

WF11 

Hours  per  pound 

—  high  lift  ducting 

Fll 

Exponent 

—  high  lift  ducting 

WC12 

Hours  per  pound 

—  slats 

E23 

Exponent 

—  slats 

WF12 

Hours  per  pound 

—  slats 

F12 

Exponent 

—  slats 

WC13 

Hours  per  pound 

—  hinges,  etc. 

E24 

Exponent 

—  hinges,  etc. 

WF13 

Hours  per  pound 

—  hinges,  etc. 

F13 

Exponent 

—  hinges,  etc. 

WC14 

Hours  per  pound 

—  pivots  and  folds 

E25 

Exponent 

—  pivots  and  folds 

WF14 

Hours  per  pound 

—  pivots  and  folds 

F14 

Exponent 

—  pivots  and  folds 

WC15 

Hours  per  pound 

—  center  section 

E2G 

Exponent 

—  center  section 

54 


WF15 

F15 

WC1G 

E27 

WF1G 

FIG 

WC17 

E28 

WF17 

F17 

Final  Assembly 

R1 

HE1 

HS 

U 


Hours  per  pound 
Exponent 
Hours  per  pound 
Exponent 
Hours  per  pound 
Exponent 
Hours  per  pound 
Exponent 
Hours  per  pound 
Exponent 


—  eenter  section 

—  center  section 

—  other 

—  other 

—  other 

—  other 

—  balance  weight 

—  balance  weight 

—  balance  weight 

—  balance  weight 


Size  scaling  parameters 
Cost  per  unit  length  for  assembly 
Hours  per  square  foot  factor 
Rework  factor 


Primary  Box  Assembly  Material  Cost 

AMF1  Assembly  material  per  labor  hour 

Assembly  Material  Cost 

AMF4  Assembly  material  per  labor  hours 


D 


O 


•  t 


NONRECURRING  DESIGN  AND  DEVELOPMENT  COSTS 

(Use  -  WING,  IIS'I'A  13,  VSTAB) 

INPUT 

SOURCE 

Basic  Structure  Design  Engineering  Hours 

AE  Exponent  -  Hours  to  AM  PR  Weight  O 

ConGguration  Design  Engineering  Hours 

FI  Factor  -  Applied  to  Total  Engineering  Hrs.  " 

ECLR  Engineering  Composite  Labor  Rate  " 

Engineering  Material 

E2  Factor  -  %  of  Engineering  Labor  Cost  " 

Basic  Tool  Manufacturing  Hours 

Exponent  -  Hours  by  AM  PR  Weight 


C 


Rate  Tooling  Manufacturing  Hours 


Sustaining  Tooling 


TU 

RT 


Exponent  -  Sustaining  Tooling  with 
Quantity 

Composite  Tooling  Labor  Rate 


MANUFACTURING 

DETAIL  FABRICATION  HOURS 


PCI 

RM 


Learning  Curve  Decimal  Fraction 
Manufacturing  Labor  Rate 


Assembly  Hours 
PC2 

Quality  Control  Hours 
F10 


Learning  Curve  Decimal  Fraction 


Factor  -  Ratio  Between  Quality 
Control  and  Mfg.  Hours 


Material  and  Others 
PC3 


Learning  Curve  Decimal  Fraction 


RECURRING  AIRFRAME  PRODUCTION  COSTS  (PROCUREMENT  ARTICLES) 
Sustaining  Engineering 

Sum  of  RDT&E  and  Procurement 
Production  Quantities 


N2 


Manufacturing 
Quality  Control  Hours 
Fll 


Factor  -  Ratio  Between  Quality 
Control  and  Mfg.  Hr.  for 
Procurement  Production 
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APPENDIX  E 


COMPLEXITY  FACTOR  TABLES 
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ible  I.  Complexity  Factors,  Rib  Detail  Fabrication. 


Rib  Subassembly 


'omplexitv  Factors,  Cover  Del: 


Table  VI.  Complexity  Factors,  Cover  Subassembly 


APPENDIX  E 


LOOK-UP  TABLES 
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